INTRODUCTION
This report describes a reconnaissance search for gold in Precambrian clastic and politic rocks of the Needle Mountains of southwestern Colorado and of the Tusas and Picuris Mountains of northern New Mexico. The possibility of finding fossil placers in pebbly quartzites and conglomerates, and deposits of very fine grained precipitated vanadium and gold in carbonaceous slates and schists, provided inducement for this work as part of the U.S. Geological Survey's search for heavy metals. Analyses show low amounts of gold less than 0.1 part per million in these rocks, and consequently no geochemically anomalous amounts of gold or commercially important deposits are indicated. The three areas involved are discussed separately.
GOLD INVESTIGATIONS, PRECAMBRIAN ROCKS
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light Gneiss is about 1,780 m.y. (million years) old, the Tenmile and Bakers Bridge Granites are about 1,720 m.y. old, and the Eolus Granite and the Electra Lake Gabbro are about 1,460 m.y. old.
The Vallecito Conglomerate, the basal conglomerate of the Uncompahgre Formation, and the pebbly quartzite and pyritic pelitic rocks stratigraphically higher in that formation were sampled and analyzed for gold, with negative results. Descriptions of these units follow.
VALLECITO CONGLOMERATE
The Vallecito Conglomerate is found only in the southeastern Needle Mountains, along the lower valleys of Vallecito Creek and Pine River and underlying much of the complex ridge between these streams ( fig. 2 ). This conglomerate forms many cliffs and is well exposed.
In outcrop the Vallecito Conglomerate is mostly gray, but locally it is pink or purple. It is thin to very thick bedded, and it shows conspicuous cross-stratification of the trough type described by McKee and Weir (1953, p. 387) or the pi type described by Alien (1963, p. 109) , except that the cross-strata are lithologically heterogeneous; hematite laminae are interlayered with pebble conglomerate. The Vallecito contains randomly distributed beds of coarse-grained quartzite 1-18 inches thick and a few scattered, much thicker, beds of quartzite. Joints cut both clasts and matrix.
A few folds that have amplitudes of one hundred to several hundred feet were found, but folds that have amplitudes of a few inches to several feet are extremely sparse.
The Vallecito Conglomerate is overlain by amphibolite, metavolcanic rocks of intermediate composition, mica schists, quartzite, gneisses, and chlorite schists of the Irving Greenstone of , here termed the Irving Formation. The contact between the Vallecito and the overlying rocks has little or no angular discordance, and the sequence of deposition was determined from cross-stratification. The lower contact of the Vallecito is not exposed, and therefore neither the thickness of the formation nor the nature of rocks underlying it is known. However, at Granite Peaks Ranch in Pine River valley ( fig. 2) , good top and bottom control by cross-stratified beds enables measurement of a 2,400-foot thickness of the stratigraphically lowest part of the Vellecito Conglomerate. Larsen and Cross (1956, p. 24) gave "an estimated exposed thickness of more than 3,000 feet west of Pine River." This formation may well be more than 5,000 feet thick.
The Vallecito Conglomerate is metaconglomerate and pebbly quartzite that contains subangnlar to rounded fragments of milky quartz, It is mostly gray, but locally it is pink to purple; most grains are y$-l mm in size. The rock was completely recrystallized during metamorphism: quartz, both in the matrix and in the various types of clasts in which it occurs, has grown into polygranular mosaic fabrics; the sericite is mostly well alined and gives a schistose aspect to the matrix; the sparse garnets all lie enclosed in sericite and may be metamorphic rather than detrital; and epidote grains only rarely show rounded outlines, suggesting detrital origin and later recrystallization. Dark laminae 1-3 mm thick are abundant in much of the formation. These are largely hematite, commonly with accessory ilmenite and rutile. The hematite commonly shows octahedral forms, indicating derivation from magnetite by oxidation (Barker, 1968b Chipped across a 40-ft breadth normal to schistosity; bedding not visible. 14 SWJiNWJi sec. 27, T. 27 N., R. 8 E., Las Tablas quadrangle. Lithology similar to that of samples 12 and 13. Chipped across a 50-ft breadth normal to schistosity. Lowermost exposed conglomerate on southwest flank of Big Rock syncline. Bedding not visible hi sampled section but is apparent hi folded pebbly quartzite immediately to the northeast, which suggests that the conglomerate, also, contains minor folds. 15 1,650 ft southeast of sample 14 locality, also on southwest flank of Big Rock syncline; SEJ£NWJ£ sec. 21, T. 27 N., R. 8 E., Las Tablas quadrangle Chinrwd across a 4-ft thickness of a small outcrop 6 NEJiNEM sec. 24, T. 29 N., R. 6 E., Cebolla quadrangle, south ridge of Jawbone Mountain at 10,340-ft elevation. Chipped across a 10-ft thickness of mixed conglomerate and pebbly quartzite, each with hematite-rich laminae. Pebbles mostly H-l in. in maximum dimension and consist of about 80 percent quartz and 20 percent red and dark-gray jasper. The heavy minerals of 354 grains of this sample were separated with bromoform and yielded 56 grams of hematite, kyanite, rutile, and ilmenite. 7 NEJiNWJi sec. 19, T. 29 N., R. 7 E., Burned Mountain quadrangle, 10,400-ft elevation on southwest slope of east summit (10,601-ft elev.) of Jawbone Mountain. Chipped across a 3-ft thickness of conglomerate with Ji-to 1-in. pebbles of milky and pink quartz and red and dark-gray jasper. Underlying rocks not exposed; overlying rocks are cross-stratified fine-grained conglomerate and quartzite. 8 SEJtfNEJi sec. 7, T. 28 N., R. 7 E., Burned Mountain quadrangle, 9,650-ft elevation. Chipped across a 30-ft thickness of poorly sorted conglomerate with >£-to 2-in. pebbles of quartz and jasper. 20 SWMNEJi sec. 24, T. 29 N., R. 6 E., Cebolla quadrangle, small knob at 10,200-ft elevatidn. Chipped across 8-ft thickness of about 80 percent of conglomerate with Ji-in. pebbles and 20 percent of fine-grained quartzose conglomerate and quartzite. 9 West end of hill near 9,727-ft elevation, Burned Mountain quadrangle. Sample, largely of float, chipped across 30 ft of folded quartz pebble conglomerate that probably is 5-10 ft thick. 10 200 ft east of sample 9 locality. Chipped across 12 ft of intricately folded quartzite that contains 25-30 percent conglomerate in layers 4-8 in. thick. 11 About 525 ft east and 75 ft north of sample 9 locality.
Chipped across 15 ft of mixed bedrock and float of a layer of conglomerate that is probably 10-15 ft thick. Sample largely of matrix across a 10-ft-thick layer of conglomerate with about 00 percent by volume clasts of milky quartz as large as 12 in., and 10 percent clasts of pink felsite as large as 8 hi. set hi schistose gray matrix of quartz, muscovite, hematite, and minor chlorite and tourmaline. 4 NEJiSWJi sec. 22, T. 23 N., E. 11 E., Trampas quadrangle. Chipped across 7-ft thickness of peblby and cobbly quartzite, with 10-15 percent by volume of clasts of milky quartz. 6 NWJiSEJi sec. 15, T. 23 N., E. 12 E., Peflasco quadrangle, about 1,100 ft east of 9,315-ft elevation summit on south ridge of Picuris Peak (area contains only small scattered outcrops). Chip sample of 6 small outcrops in 20-ft thickness of pebble conglomerate and pebbly quartzite. Locality of sample 6; chip sample of conglomerate from a 2-by 5-ft outcrop, the largest found hi this area.
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Creek and collecting five 5-lb composite chip samples (Nos. 123, 124, 127, 128 , and 129 in table 1 and fig. 2 ) west of the Lake Fork of Pine Kiver. The five smaller samples were analyzed for gold, and no gold was detected. The large sample was crushed and processed through bromoform. The heavy fraction contained no visible gold and, moreover, showed an unusually sparse heavy mineral population that con- 
UNCOMPAHGRE FORMATION BASAL CONGLOMERATE
The Uncompahgre Formation unconf ormably overlies the older Twilight Gneiss and Irving Formation ( fig. 1 ). Lying in gradational to abrupt contact with these older formations at and west of the Animas River ( figs. 1,3,4) is an unusual rock, 4 to about 40 feet thick, that consists of about 10-50 percent 14-to 4-mm single grains and polygranular aggregates of quartz set hi a schistose matrix of sericite and minor hematite, limonite, and leucoxene. This rock, which could be classified as quartz sericite schist, apparently is a phyllonite formed from the older rocks, in which the original quartz grains were not comminuted but were first severely strained and then recrystallized, and in which the original iron was oxidized. A granite dike in the Irving Formation, 75 feet north of the unconformity, shows similarly strained and recrystallized quartz and therefore is a possible source of such quartz in the basal Uncompahgre. The phyllonite is mostly in gradational contact with the underlying granitic and metamorphic rocks; its sohistosity is parallel to bedding of the overlying metasedimentary rocks; and it is free of chert and jasper granules that are present in the overlying conglomerate.
The basal unit of the Uncompahgre Formation is a V/2-to 8-foot thick bed of interlayered quartzose conglomerate and pebbly quartzite. This rock is gray, and it is poorly stratified and sorted; it is crossstratified in only a few places. Its matrix is largely recrystallized quartz, mostly of %0-to 14-mm grain size, with variable amounts of sericite and hematite; and its clasts are predominantly quartz, with red and black jasper, gray chert, and dark-gray argillite. The clasts range in size from 2-mm granules to 6-inch'cobbles, but most are in the 1-to 8-cm range. Some of the quartzose clasts are quartzite and have a fabric in which y2-to 2-mm original detrital quartz grains are set in a recrystallized matrix of %0-to %0-mm quartz grains, but others show irregular fabrics and perhaps were derived from quartz veins. The clasts, like those in the Vallecito Conglomerate, indicate that the source data contained much quartzite, jasper, chert, and ironformation. This basal conglomerate grades upward for several feet through pebbly quartzite into about 1,000 feet of pale-violet to white sparsely laminated and cross-laminated rarely pebbly quartzite at Snowdon Peak ( fig. 3 ) and into 300-600 feet of similar quartzite in the canyon of the Animas River (fig. 4) .
The basal conglomerate was sampled hi its three areas of exposure: west of Snowdon Peak, on the east bank of the Animas River, and below the west rim of the canyon of the Animas River. None of the samples contained detectable gold, with the limit of detection at 0.1 ppm. Descriptions and localities of samples are given in table 1 and in figures 3 and 4.
PEBBLY QTTARTZITE AND CONGLOMERATE
The quartzite layers in the Uncompahgre Formation, for the most part, are well sorted, pale violet to light gray, thick bedded, sparsely laminated with hematite, and sparsely cross-laminated. Pebbly layers are sparse, and, of the 13 found and sampled, none showed detectable gold with the limit of detection at 0.1 ppm. Details of sampling are given in table 1.
SLATE AND SCHIST
The widespread pelitic rocks of the Uncompahgre Formation were sampled at the 13 localities shown in figure 5 and were analyzed for gold and other metals (table 2). These rocks are mostly carbonaceous (200) (10) (20) (1) (10) (0.05) (20) (5) (5) (2) (0.05) (20) (0.02) (2) and pyritic compositionally layered dark-gray to black slate, phyllite, and siltstone. None of the samples showed detectable gold by atomic absorption analysis, with 0.02 ppm as the limit of detection. These analytical results indicate that the pelites of the Uncompahgre Formation generally are not metalliferous.
TUSA8 MOUNTAINS, N. MEX.
GEOLOGIC RELATIONS
The Tusas Mountains of Eio Arriba County, N. Mex., lie immediately west of the Rio Grande valley, and are a southeastern continuation of the San Juan Mountains of Colorado. Slightly more than 200 square miles of Precambrian rocks are exposed in this area.
The hydrothermal ore deposits of the Tusas Mountains, including the gold placers of Hopewell, were described by Lindgren, Graton, and Gordon (1910) , and the geology of the Precambrian rocks was described by Just (1937) , Barker (1958) , and Bingler (1965) . The study by Just was reconnaissance in nature; the stratigraphic sequence (table 3) and structural features were first determined by Barker (1958, p.10-36) .
The rock units pertinent to this investigation are the Ortega Quartzite and the Big Rock Conglomerate and Jawbone Conglomerate Members, and the upper quartzite member of the Kiawa Mountain Formation. The lithology and thickness of each of these is given in table 3, and areal distributions are shown in figure 6 . The clasts in the pebbly quartzite and conglomerates of this area are identical with those in the rocks of the Needle Mountains, which suggests a common provenance. Also, there may be a general correlation of these rocks of the Tusas Mountains with the Vallecito Conglomerate and Irving Formation of the Needle Mountains.
The Precambrian rocks of the Tusas Mountains are intensely folded (see Barker, 1958) , and the fold axes plunge to the northwest and west-northwest. The major folds are a syncline whose axial surface Sample locality and number
Hopewell. The Big Rock Conglomerate Member is folded into a minor syncline and anticline, as indicated by the pattern in figure 6 .
SAMPLING RESULTS
The Ortega Quartzite in the Tusas Mountains is sparsely pebbly, and only one sample was taken from it. That sample was collected in the SE%SWi/4 sec. 10, T. 26 N., R. 8 E. (La Madera quadrangle), 
GEOLOGIC RELATIONS
The Picuris Range, which is east of the Rio Grande River and southwest of Taos, is underlain largely by Precambrian metasedimentary rocks. Its geology was studied by Just (1937, p. 9-40) and, in much greater detail, by Montgomery (1953) . The economic geology of the Copper Hill or Picuris district and of the Glen Woody area, both in the Picuris Range, was discussed by Lindgren, Graton, and Gordon (1910, p. 82,89-91) .
The Stratigraphic units of the Precambrian rocks of the Picuris Range are described in table 4. These units are intensely folded and are generally eastward trending. Coarse-grained quartzite with minor hematite and ilme-2,500; lowermost member.
nite, including thin beds of sillimanite and (or) fcyanite, part not exposed, and sparse lenses of quartz-pebble conglomerate.
SAMPLING RESULTS
In this study the lower quartzite member of the Ortega Quartzite and the conglomerate member of the Vadito Formation of Montgomery (1953) were sampled, as shown in figure 7, and no gold was found. Sample localities and descriptions are given in table 1.
COMPARISON WITH THE CENTRAL, RAND GOL.DFIBLD, SOUTH AFRICA
The quartzites and conglomerates examined in this study may be compared with the auriferous conglomerates of the Central Rand goldfield of South Africa. The gold-bearing conglomerates of the Central Rand are found in the Precambrian Witwatersrand System, which is about 24,000 feet thick and lies on a basement complex of granite, gneiss, and schist. These conglomerates were deposited 2,100-3,000 m.y. ago, and they contain about 8 percent conglomerate beds (Pretorius, 1964, p. 69-86) . The economically important deposits are in many thin layers of pebble conglomerate that lie in the upper 9,400 feet of the Witwatersrand System. The pebbles are mostly vein quartz, quartzite, and chert, with lesser amounts of quartz porphyry, shale and schist, jasper, and tourmaline-bearing rock. The matrices are predominantly quartz, pyrite, muscovite, sericite, and pyrophyllite, with minor chlorite, chloritoid, rutile, tourmaline, carbon, zircon, calcite, dolomite, pyrrhotite, galena, sphalerite, chalcopyrite, chromite, gold, uraninite, ilmenite, leucoxene, platinum metals, and other minerals (Pretorius, 1964, p. 94r-95) . Average values of ore of the 17 largest mines in the Central Rand have ranged from about 1/3 to 1 ounce of gold per ton (Pretorius, 1964, p. 105) . The varied and unusual suite of minerals in these conglomerates partly results from a postdepositional hydrothermal event in which the detrital quartz, feldspars, magnetite, gold, uraninite, platinum, and other minerals were partly recrystallized and were moved short distances or otherwise altered, and in which the mica, pyrophyllite, and sulfides were formed. In contrast to these rich beds of the upper Witwatersrand System, the quartzites, shales, and minor conglomerates of the lower parts of that system are largely barren. These quartzites are orthoquartzites, whereas the quartzose sedimentary rocks of the upper part of the Witwatersrand System are largely graywackes (Fuller, 1958, p. 27-30) . Thus the quartzites of the Ortega, Kiawa Mountain, and Uncompahgre Formations in Colorado and New Mexico, all orthoquartzites, are lithologically similar to the lower, barren quartzites of the Central Rand goldfield.
In summary, the clastic rocks of Colorado and New Mexico discussed in this report differ from the auriferous conglomerates of the Central Rand in their lack of detrital gold, platinum group minerals, and uraninite; in being free of carbon; in having escaped hydrothermal alteration in which pyrite, sphalerite, galena, and other sulfides were formed; and probably in containing much less detrital vein quartz. Also, the American rocks are at least 300 m.y. younger than the African sediments and apparently were derived from a terrane much poorer in granitic and gneissic rocks.
